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Keywords    Abstract 
Gender Inequalities  Background: Poverty is a known determinant of malnutrition, especially in less-affluent countries. However the large variance in malnutrition,               
Economic Inequalities  prevalence noted across these countries cannot be fully explained by differences in national wealth alone. Therefore, additional socioeconomic factors 
Acute Malnutrition   e.g. inequalities, are likely to also contribute towards this variance. This study aimed to explore the possible associations between economic and                                                       
Anaemia    gender inequalities with malnutrition in children aged <5years, specifically anaemia and global acute malnutrition (GAM), using data from Low and   
Gini Index                                             Middle-Income Countries.  
Gender Inequality Index Methods: Anaemia and GAM prevalence data was obtained for 48 countries from the DHS STATcompiler and for 7 countries for which this data was  
Low-and Middle-Income Countries countries unavailable, it was obtained from the World Bank, WHO and UNICEF data. The World Bank’s Gini Index and UNDP’s Gender Inequality 
Index (GII) were used to measure economic inequality and gender inequality respectively. The World Bank’s GDP/Capita adjusted for purchasing power 
parity was used as the measure of countries’ wealth.Maternal biological factors (average women’s height, total fertility rate and maternal age at first birth) 
and demographic factors (women’s literacy rate and percentage of people living in urban settings) were mostly obtained from the DHS STATcompiler, 
with some few from the World Bank databases.Concentration curves and indices were used to measure and display the magnitude of inequalities in the 
distribution of anaemia and GAM across countries, when ranked by Human Development Index (HDI) and GII. Associations between GII and income 
inequality and anaemia and GAM were explored, separately, using linear regression. The associations were later adjusted for countries’ wealth and 
maternal biological and demographic factors. A final multivariable model was constructed, each for anaemia and GAM, including all significant factors 
observed in the initial analysis. 
Results: When ranked by GII, the prevalence distribution of both anaemia and GAM were highly unequal across countries, being higher and lower in 
countries with high and low GII scores respectively. A similar pattern was observed when ranking by HDI, with malnutrition prevalence concentrating 
more in countries with lower HDI scores. After adjusting for country’s wealth level and maternal biological and demographic factors, GII showed a 
significant, independent and positive association with anaemia prevalence, explaining 50% of the variance between countries. The Gini index showed a 
significant, independent and negative association with GAM, explaining about 30% of the variance. 
Conclusions: Gender inequality and/or low women’s status in society may explain, independently, the high anaemia prevalence in many low- and 
middle-income countries. In contrast, poverty appears to be more important than income inequality for explaining GAM prevalence. Future analysis using 
a larger sample of countries, or using multilevel modelling for analysis, may provide further insights into the associations between wealth and inequalities 
and the global burden of malnutrition. 
 
Introduction 
 
Malnutrition and Anaemia 
Malnutrition is a principal cause of disease and mortality in 
young children and remains a key issue in the Millennium 
Development Goals (MDGs) 1 and 4 (UN, 2000). In 2005, 
malnutrition affected an estimated 500 million children aged 
5years or younger (Black et al., 2008) and was associated with 
more than half of deaths among this age group (Bryce et al., 
2005). Poor countries of Asia and sub-Saharan Africa account 
for 80% of malnourished children (Bryce et al., 2008), with 
undernutrition responsible for 35% of disease burden in 
children under 5 years in these countries (Black et al., 2008). 
Undernutrition, used synonymously with malnutrition in this 
paper, is a spectrum of diseases that comprises acute 
malnutrition, stunting, underweight and deficiencies of 
essential micronutrients such as iron deficiency resulting in 
anaemia (ibid). Even within countries, malnutrition rates are 
higher among the poor (Wagstaff and Watanabe, 2000).   
Global acute malnutrition (GAM) results from short-term 
insufficiency of dietary nutrients (Wagstaff and Watanabe, 
2000). GAM is diagnosed anthropometrically as a child 
having a weight-for-height z-score (WHZ) which is less than -
2 standard deviations of the median weight-for-height of an 
international growth reference population, derived from the 
World Health Organization (WHO) (ibid). In 2009, GAM was 
estimated to have affected some 55million children younger 
than 5years of age in developing countries (Black et al., 2008).  
Anaemia is defined as a low haemoglobin concentration, red-
cell count, or packed-cell volume such that there is inability to 
meet oxygen demands of the body (Warrell et al., 2003).  
 
Anaemia may result from several factors, iron deficiency 
being the most important (Balarajan et al., 2012). Iron 
deficiency results when dietary iron intake is insufficient to 
meet iron demands of the body (ibid). Anaemia is a universal 
health problem affecting an estimated 1.62 billion people and 
293million children of pre-school age globally (McLean at al., 
2009). Expectedly, global burden of anaemia falls largely on 
countries of Asia and Africa, with the two continents 
accounting for greater than 85% of the total burden of anaemia 
in women of reproductive age and children (Balarajan et al., 
2012). Children younger than five years are at high risk of 
anaemia as rapid growth during infancy requires increased 
iron intake (ibid). According to WHO, anaemia poses a 
moderate to severe public health problem in this age group 
about 80% of WHO member countries (de Benoist et al., 
2008). Anaemia serves as an important deterrent to improving 
child health and thus achievement of MDG 4. It has been 
associated with several adverse health problems including 
neonatal mortality, low birth weight babies and poor cognitive 
development (Ezzati et al., 2004). 
 
 
Inequality and Health 
Inequality, as a deterrent to health and development, has been 
mentioned in almost all global Human Development Reports 
(HDR). Inequality in health undermines improvements in 
health and the achievement of the MDGs (ODI, 2010). There 
are different types of inequalities, but socioeconomic and 
gender inequalities are the most debated in the literature. 
Income inequality is often used as a measure of 
socioeconomic inequality as it offers an alternative means of 
social class stratification in society (Wilkinson, 2006). Income 
inequality has been repeatedly linked to health status 
(Subramanian and Kawachi, 2004; Kondo et al., 2012; Ram, 
2006). Some scholars claim that any effect income inequality 
has on health is mediated through poverty levels i.e. it is 
absolute income and not income inequality that matters 
(Lynch et al., 2004; Deaton, 2003). However, Wilkinson 
(1996) proposed the Income Inequality Hypothesis (IHH), 
arguing that income inequality directly affects health through 
the psychosocial stresses it places on people at the bottom of 
the socioeconomic ladder due to their deprivation status. 
According to Pickett and Wilkinson, income inequality will 
affect child wellbeing “through the effects of relative poverty 
on the level of material resources they are brought up with” 
(2007:6) The Gini coefficient, the most commonly used 
income inequality measure, has been extensively used to 
investigate the association between income inequality and 
health (Blakely et al., 2002; Subramanian et al., 2003; Wells et 
al., 2012). However, the focus of all these studies were highly 
developed countries and none looked at child malnutrition. 
Gender equity is an inherent and essential part of development 
and the third MDG calls for the promotion of gender equality 
and female empowerment (UN, 2000). The UNDP’s gender 
inequality report revealed that achievements in human 
development were greatly reduced by gender inequalities, 
especially in countries of South Asia, Sub-Saharan Africa and 
the Arab States (Gaye et al., 2010). Gender equality, used 
synonymously with women’s status, has been defined as 
“women’s power relative to men in the households, 
communities and nations in which they live” (Smith et al., 
2003:5). Women’s status has been linked to child 
undernutrition for more than 15 years. For instance, Smith and 
Haddad (2000) established that over a 25-year period, 
women’s status and education contributed more than half of 
the decline in childhood underweight seen during this period. 
The effect of women’s status on child nutrition is believed to 
be mediated through biological and social routes (Engle et al., 
1999). Biologically, women’s status is reflected in the adult 
height attained by the mothers, which in turn influences 
child’s birth weight (Ozaltin et al., 2010). Low women’s status 
may also lead to lower autonomy, early marriage, early and/or 
closely-spaced pregnancies and the corresponding poor health 
and nutritional outcomes for both mother and child (Raj, 2010; 
Raj et al., 2010). Socially, women’s status will determine a 
number of factors which have already been linked to 
nutritional outcomes among children including women’s 
control over household assets, decision-making, mobility, and 
freedom from domestic violence (Smith and Haddad, 2000; 
Shroff et al., 2009). Conversely, there are situations where 
improvement of women’s status may not always be beneficial 
to child nutritional status. Women of a higher status are more 
likely to be educated, get formal jobs and spend less time on 
child care, leaving it in the hands of substitute caregivers. 
There is evidence that these substitute caregivers may not 
deliver as high a standard of care as the mother would (Leslie, 
1998, Hobcraft, 2000). A rise in women’s status may also 
increase conflict in the households, potentially putting women 
at increased risk of domestic violence which will be 
detrimental to their health and that of their children (Sen and 
Batliwala, 2000). 
 
Economic Growth, Poverty and Malnutrition 
At national level, economic growth has been linked to a 
reduction in the risk of childhood undernutrition (Smith and 
Haddad, 2002). Measures of economic development, such as 
GDP per capita, are strongly associated with child 
malnutrition and mortality in developing countries (Alderman 
et al., 2001) Economic growth may improve childhood 
nutrition through several pathways, including improving 
individual and household incomes and reducing poverty 
(Smith and Haddad, 2002). However, economic development 
may not always lead to a decline in levels of child 
undernutrition. In countries with high income inequalities, 
growth and development will only benefit the well-off and not 
the underprivileged members of society (Subramanyan et al., 
2011). Moreover, it may be direct government investments in 
nutrition and public health rather than economic growth which 
reduce child undernutrition (Sen, 1999; Subramanyan et al., 
2011).  
Poverty is an established underlying cause of malnutrition, 
whilst malnutrition itself may exacerbate poverty (Weisstaub, 
2008). Children from deprived households are much more 
prone to undernourishment compared to their wealthier 
counterparts (Van de Poel et al., 2008). Poverty can lead to 
child malnutrition in a number of ways including household 
food insecurity and poor environmental conditions such as 
housing, sanitation and access to safe drinking water (Menon, 
2012), causing increased susceptibility to infectious diseases. 
 
Maternal Biology, Demography and Malnutrition 
A number of maternal characteristics have been linked with 
childhood nutrition. The intergenerational influences 
hypothesis (IIH), proposed by Emanuel (1986), suggests that 
malnutrition of the mother will have adverse consequences for 
the growth and development of her offspring. Maternal height 
is inversely related to childhood mortality and malnutrition 
(Varela-Silva et al., 2009; Monden and Smits, 2009). The 
effect of maternal height may be related to socio-economic 
circumstances, as height attained by the mother reflects 
conditions and resources she was exposed to in childhood 
(Sear et al., 2004). Maternal height may however be more 
related to chronic rather than acute malnutrition. Maternal age 
is positively associated with childhood nutrition and may 
serve as a proxy for the mother’s accumulated experience in 
child healthcare. (Agee, 2010; Larrea and Kawachi, 2005). 
Delayed child birth also reduces the risks to mother and child 
associated with childbearing at too early an age. Repeated and 
frequent pregnancies place increased stress on the mother’s 
nutrition and iron stores. Multiparity is thus linked with poor 
maternal nutritional status and maternal anaemia which are in 
turn related to poor child health and nutrition (Omar et al., 
1994). 
Women’s education is vital for child nutrition, health and 
survival (Armar-Klemesu et al., 2000). Maternal education 
may directly improve childhood nutrition as educated women 
will more likely exhibit positive child-caring behavior and 
more easily and frequently access health facilities (Smith et al, 
2005). Women’s education may also delay child bearing 
(Boyle et al, 2006), giving women more time to grow and 
achieve a better nutritional status, thus improving both 
maternal and child nutrition. Furthermore, educated mothers 
have more opportunity to get better jobs and contribute to 
household income and wealth, which are both determinants of 
child nutrition (ibid). 
Evidence from the literature suggests that urban children are 
usually better nourished than their rural counterparts (Smith et 
al, 2005). Urban environment is thought to offer greater food 
availability and variability in diet, as well as more access to 
health facilities and employment opportunities (ibid). 
 
Current Evidence gaps and Project Justification 
Despite several studies linking income inequality and health 
(Van Ourti et al., 2009; Pickett and Wilkinson, 2008; Kondo et 
al., 2012), most of these studies have been restricted to 
developed countries. They usually also focused on mortality 
and self-rated health, and not malnutrition. 
Although studies have looked into the effect of socioeconomic 
inequalities on malnutrition in developing countries (Wagstaff 
and Watanabe, 2000; Van de Poel et al., 2008), the majority of 
these studies assessed stunting and underweight. Smith and 
colleagues (2005) only looked into rural/urban socioeconomic 
differences in childhood wasting and stunting among children 
in 37 developing countries. 
This study targeted the potential contribution of inequalities to 
two different types of malnutrition- GAM and micronutrient 
deficiency in the form of anaemia. It will be of interest to 
compare how developing countries fare in the average rates of 
these often neglected but persistent nutritional problems and 
the extent of economic and gender inequalities. By controlling 
for economic, biological and demographic factors, this study 
aimed to indicate whether inequalities independently influence 
these nutritional outcomes irrespective of other well-known 
determinants of nutrition. It is also aimed at expanding our 
understanding about the role socioeconomic and gender 
inequalities have on anaemia and GAM, and about their 
potential independent contribution. The study may help give 
an understanding into why certain countries are not on track to 
achieve MDGs 1, 4 and 5. 
 
Aims and Objectives 
This study aimed to assess the relationship between economic 
and gender inequalities and nutritional indicators of children 
younger than 5years in low- and middle-income countries. 
Specific Objectives included: 
- To build the dataset necessary to answer the research 
question. 
- To evaluate the relationships between economic and 
gender inequalities and anaemia in children under 
5years of age.  
- To evaluate the relationships between economic and 
gender inequalities and GAM in children under 5 
years of age. 
- To determine whether the relationships between the 
inequalities and nutritional indicators are modified by 
a country’s level of economic development, maternal 
biological or demographic factors. 
 
Methods 
This was an ecological study looking into the associations of 
economic and gender inequalities and childhood malnutrition 
in low- and middle-income countries. The dataset was collated 
from a number of sources. These sources were all in the public 
domain and are freely available, so permission to obtain the 
data and ethical approval was not required. Table 1 below 
gives a list of all the variables and their sources. 
 
Table 1: List of Variables and their Sources 
 
The data were mostly from DHS and the World Bank. The 
DHS surveys are conducted in developing countries and 
provide nationally-representative data and are one of the best 
sources of nutritional data from developing countries (Smith et 
al., 2005). The data are generally comparable across countries 
as similar methodologies are employed in the survey and data 
collection. When DHS data were unavailable, data were 
supplemented from UNICEF, WHO and the World Bank. 
The Gini coefficient, the income inequality measure, has the 
advantage that it measures inequality across the whole range 
of income. In theory, it ranges from 0 when income is evenly 
distributed in the population (absolute equality) to 1 when one 
person has all the income (absolute inequality) (Blakely et al., 
2002). Gender inequality is assessed using the UNDP’s new 
Gender Inequality Index (GII). The GII is an important 
improvement on previous measures of gender equality (Gaye 
et al., 2010). It measures the disadvantages faced by women in 
three areas- empowerment, economic activity and 
reproductive health, and reveals the extent by which a 
country’s development potential is reduced by gender 
inequality (ibid). The GII value ranges from 0 (no gender 
inequality) to 1(total gender inequality). More details can be 
obtained elsewhere about the calculation of the Gini 
coefficient (Lerman, 1984) and the GII (Gaye et al., 2010). 
The GDP/capita and poverty gap are used as measures of 
development instead of the HDI. This is because the HDI is a 
composite index which includes data on education, increasing 
Variable Source 
Anaemia DHS & WHO (de Benoist et al., 
2008) 
GAM DHS & UNICEF-WHO-the World 
Bank (2012) 
Gini Index World Bank 
Gender Inequality Index 
(GII) 
UNDP (2013) 
GDP/capita PPP World Bank (2011) 
Poverty Gap World Bank 
Total Fertility Rate (TFR) DHS & World Bank 
Average Women’s Height DHS 
Maternal Age at First Birth DHS 
Women’s Literacy Rate DHS 
Urban Population 
Percentage 
DHS & World Bank 
the likelihood of endogeneity with one of the variables- 
women’s literacy rate. The GDP/Capita is measured in US 
dollars and adjusted for purchasing power parity (PPP), 
making it comparable across countries. The poverty gap is 
used to measure the amount of people living below a 
determined poverty line. The international poverty line, $1.25 
per day, is selected for this study because although it may not 
reflect true poverty in some countries, it is more comparable 
across countries. 
 
55 developing countries from Africa, Asia, Eastern Europe 
and Latin America were selected for having DHS data 
published in the year 2000 and after. Every country selected 
had data for at least one of the outcome variables, anaemia or 
GAM in children under 5years, and data for at least one 
measure of inequality. Only a few countries did not have data 
for GAM (3 countries) and the GII (5 countries). Data 
management and main analyses were done using Stata IC 
(version 11). Data were initially recorded using Microsoft 
Excel and later exported to Stata. Each variable was assessed 
for normality using histograms to visually examine 
distributions. When the variables were not normally 
distributed, the gladder and ladder Stata commands were used 
to determine the best transformation. 
 
Firstly, the potential association of inequalities and 
malnutrition were assessed by evaluating the distribution of 
malnutrition in the total population using concentration curves 
and indices. The concentration curve provides an easy way of 
displaying these inequalities. The further away the curve lies 
from the diagonal (line of equality), the greater the inequality 
in the distribution of the outcome being measured (ibid). This 
inequality can be quantified by calculating the concentration 
index which varies between -1 and +1 and is defined as twice 
the area between the concentration curve and the line of 
equality (Wagstaff and Doorslaer, 2004). The concentration 
index has certain characteristics that make it a good measure 
of inequality: it reveals the socioeconomic aspects of health 
inequalities, captures the experience of the entire population 
and is sensitive to changes in population distribution (Zere and 
McIntyre, 2003). Concentration curves were plotted for both 
anaemia and GAM. The countries were used as individual 
units and ranked according to the HDI and GII, starting from 
the lowest values. All countries in the sample were included, 
except for Sri Lanka, which lacked data for the population of 
children under 5 years of age. HDI is chosen over GDP/capita 
for the economic ranking because it is a better representation 
of a country’s level of economic development since it 
measures both the income and non-income aspects (UNDP, 
2013). It is based on life expectancy, education and 
GDP/capita and ranges from 0 (no human development) to 1 
(maximum human development) (ibid). 
 
Crude associations between explanatory variables and 
outcomes (GAM and anaemia) were visually and statistically 
tested using scatter plots and correlation analysis respectively. 
The analysis was carried out using the analytical framework 
given in figure 1 below. Firstly, univariable associations 
between explanatory variables and outcomes were 
investigated separately using linear regression. This is an 
ecological study, thus causal relationship cannot be inferred 
from the associations observed between exposure and outcome 
variables. Therefore, bivariable analyses were carried out to 
test the effect of potential confounders on the observed 
associations between main exposure variables and outcome. 
Factors considered as potential confounders included 
measures of economic development, maternal biological 
features and demographic factors. These factors were selected 
from the literature as those which influence childhood 
malnutrition and may be potentially associated with 
inequality. Subsequently, multivariable analyses were carried 
out to test associations between exposure variables (GII and 
Gini) and outcomes, whilst adjusting for all potential 
confounders simultaneously. Variables were included in the 
final models if they were independently associated with the 
outcomes at p<0.05. 
 
     Exposures             Outcomes 
            Model 1  
           Model 2 
                      Controlled for 
    Measures of economic development 
    Maternal biological factors 
    Demographic factors 
 
Figure 1: Analytical Framework investigating the associations between Economic and 
Gender Inequality and Nutritional Outcomes. Measures of economic development: 
GDP/capita PPP and Poverty Gap. Maternal biological factors: TFR, maternal age at first 
birth and average women’s height. Demographic factors: women’s literacy rate and 
percentage of population living in urban area. 
 
Results 
55 developing countries were chosen on the basis of having 
DHS data published in year 2000 and after and data for one or 
both inequalities (Gini and/or GII). Using the World Bank 
income group classification of countries, 23 of the countries 
were low income, 24 were lower middle income and 8 were 
higher middle income countries (Table 2). All 55 countries 
had data for the Gini and anaemia in children under 5years. 52 
countries had data for GAM prevalence and 50 had data for 
the GII. Table 3 below gives a summary of the data. 
 
 
Table 2: World Bank Income Group Classification of 
Countries, by GDP/capita PPP 
 
Low Income  
(≤ $1025) 
Lower Middle Income 
($1026-$4035) 
Higher Middle Income  
($4036-$12475) 
Bangladesh Albania Azerbaijan 
Benin Armenia Columbia 
Burkina Faso Bolivia Dominican Republic 
Burundi Cameroon Gabon 
Cambodia Congo Republic Jordan 
Chad Egypt Maldives 
Democratic Republic 
of Congo (DRC) 
Ghana Namibia 
Ethiopia Guyana Peru 
Haiti Honduras  
Kenya Indonesia  
Economic 
Inequality 
Gender 
Inequality 
GAM 
Anaemia 
Liberia India  
Madagascar Lesotho  
Malawi Moldova  
Mali Morocco  
Mozambique Nicaragua  
Nepal  Nigeria  
Niger Pakistan  
Rwanda Philippines  
Sierra Leone Senegal  
Tanzania Sri Lanka  
Timor Leste Swaziland  
Uganda Ukraine  
Zimbabwe Vietnam  
 Zambia  
 
 
Table 3: Summary of Data. N: number of observations. SE: 
standard error of the mean. 95% CI: confidence interval at 
95% significance level 
 
 
Distribution of Anaemia and GAM across Countries 
When ranked by the HDI, the overall distributions of both 
nutritional outcomes are unequal, in favor of the countries 
with a higher HDI (Fig. 2). With anaemia, this is seen across 
the whole spectrum of countries with countries with low HDI 
bearing a greater burden of anaemia compared to those with 
higher HDI (concentration index = -0.12). In contrast, the 
distribution of GAM is more equal for countries with low 
HDI, but becomes unequal for those with higher HDI where 
the curve crosses the line of equality (concentration index= -
0.07). 
 
Figure 2: Concentration Curve for the distribution of anaemia and GAM 
across countries, ranked by the HDI, starting with lowest and ending at 
highest. 
 
 
To assess the pure economic inequality in the distribution of 
malnutrition across these countries, the concentration curves 
were also plotted for each outcome with countries ranked by 
GDP/capita PPP. There was greater burden of anaemia among 
the poorer countries, whilst GAM was approximately equally 
distributed across the countries, with concentration indices of -
0.08 and 0.01 respectively (see appendix 1). 
When countries are ranked by the GII, the distribution of both 
anaemia and GAM are highly unequal, with countries with the 
highest GII scores accounting for much more of the burden of 
these nutritional problems relative to those with lower GII 
scores (Fig.3). The distribution of GAM is more unequal than 
that of anaemia and the corresponding concentration indices 
are 0.23 and 0.14 respectively. 
 
 
 
 
Figure 3: Concentration Curve for the distribution of anaemia and GAM 
across countries, ranked by the GII, starting with lowest and ending at highest. 
 
 
Variables Distributions and Transformations 
The outcome variables are anaemia and GAM in children 
under 5 years of age and the main exposure variables were GII 
and Gini. The distributions of all variables were assessed for 
normality. Most of the variables were kept in the original 
0
0.2
0.4
0.6
0.8
1
0 0.5 1
C
u
m
u
la
ti
v
e
 P
ro
p
o
rt
io
n
 o
f 
A
n
a
e
m
ia
 /
 
W
a
st
in
g
Cumulative Proportion of Children, ranked by HDI
Anaemia
Equality
Wasting
0
0.2
0.4
0.6
0.8
1
0 0.5 1
C
u
m
u
la
ti
v
e
 P
ro
p
o
rt
io
n
 o
f 
A
n
a
e
m
ia
 /
 
W
a
st
in
g
Cumulative Proportion of Children, ranked by GII
Anaemia
Equality
Wasting
Variable N Mean SE 95% CI 
Anaemia 55 52.5 2.5 47.4 to 57.5 
Wasting 52 8.1 0.7 6.7 to 9.5 
Gini 55 41.3 1.15 39 to 43.6 
GII 50 0.5 0.02 0.5 to 0.6 
GDP/capita PPP 55 2239 3001 1636 to 2841 
Poverty Gap 52 31.9 3.6 24.5 to 39.2 
TFR 55 4 0.2 3.6 to 4.4 
Maternal Age at First Birth 55 20.7 0.2 20.3 to 21.2 
Average Women’s Height 49 157 0.5 156 to 158 
Women’s Literacy Rate 46 65.3 3.7 57.8 to 72.9 
Urban Population 
Percentage 
55 40.5 2.5 35.4 to 45.5 
format since they were either approximately normally 
distributed or there was no gain in normality from 
transformation. Two variables (gini and GDP/capita) were 
transformed to achieve best normal fit, which was given by a 
natural logarithm transformation. There was no best normal fit 
for women’s literacy rate. Transforming this variable 
(women’s literacy rate) into a categorical variable was 
considered to deal with this problem. On the other hand, due 
to the risk of losing valuable information when the data is 
grouped, the original format of the variable was retained for 
analysis. Some graphical examples of the distribution and 
transformation of the variables are given in appendix 2.  
 
 
Outcome Data 
 
Correlation Analyses 
 
Associations of Anaemia with Inequalities  
There was evidence of a positive linear association between 
the GII and anaemia (r=0.7, p=<0.01). Conversely, there was 
no evidence of an association between Lngini and anaemia 
(r=0.04, p=0.08). Figure 4 below gives the graphical 
representations of these associations. 
 
Figure 4: Scatterplots showing the associations of anaemia with Gender 
Inequality Index (GII) and Gini Index (Lngini: natural logarithm of the Gini 
index).  
 
 
 
Associations of GAM with Inequalities  
There was evidence of a positive linear association between 
GII and GAM (r=0.3, p=0.048). LnGini was negatively 
correlated with wasting (r=-0.53, P=<0.01) (Fig.5). 
 
Figure 5: Scatterplots showing the associations of GAM with GII and the 
Gini Index (LnGini: Natural log of Gini Index) 
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* p<0.05; ƚ p< 0.01 
 
 
 
 
 
 
 
 
 
 
  
Explanatory Variables Outcome Variables Explanatory Variables 
Anaemia GAM GII Ln Gini Ln GDP Poverty 
Gap (%) 
TFR Maternal 
Age 
Women’s 
Height 
Women’s 
Literacy Rate 
(%) 
GII 0.7ƚ 0.3*         
Ln Gini 0.0 -0.5ƚ 0.2        
Ln GDP -0.5ƚ -0.2 -0.6ƚ 0.1       
Poverty Gap 0.5ƚ 0.1 0.7ƚ        
TFR 0.7ƚ 0.2 0.8ƚ 0.1 -0.7ƚ 0.8ƚ     
Maternal Age -0.6ƚ -0.1 -0.7ƚ -0.1 0.5ƚ -0.5ƚ -0.6ƚ    
Women’s Height 0.2 0.03 0.1 -0.1 0.0 0.1 0.3* -0.1   
Women’s Literacy rate -0.7ƚ -0.6ƚ -0.7ƚ 0.5ƚ -0.6ƚ -0.4* -0.7ƚ 0.5ƚ -0.3  
Urban Population -0.3* -0.5ƚ -0.2 0.2 0.7ƚ -0.5ƚ -0.4ƚ 0.3 0.1 0.3* 
Table 4: Correlation of Variables. The numbers given are the correlation coefficients. Maternal age is at first birth. Women’s Height: Average. Lngini: Natural logarithm of Gini index. 
Lngdp: Natural Logarithm of GDP/capita PPP. 
 
Table 4 above gives the results of the correlation analyses. It is 
evident that Ln GDP/capita was significantly associated with 
anaemia but not with GAM. Of the 3 biological factors being 
analyzed, anaemia was significantly associated with TFR and 
maternal age at first birth, but not with average women’s 
height. There was no evidence of an association between 
GAM and all 3 biological variables. Anaemia and GAM were 
both negatively associated with the two demographic variables 
(women’s literacy rate and urban population percentage) and 
the associations were statistically significant.  
 
 
Correlation Analyses between other Explanatory 
Variables 
The associations between other explanatory variables were 
also explored to identify highly correlated variables and thus 
minimize the potential of multicollinearity in the final models.  
There was evidence of a strong correlation between 
LnGDP/capita and poverty gap (Table 4). As expected, from 
individual correlation analysis performed, both GDP/capita 
and poverty gap behave in the same way with all other 
variables, albeit in different directions. Therefore poverty gap 
was removed from the analysis from this stage onwards.  
 
 
Regression Analysis  
 
Anaemia: Univariable Regression Analysis 
Univariable analysis revealed significant associations of 
anaemia with GII, Ln GDP/capita, poverty gap, TFR, maternal 
age at first birth, women’s literacy rate and urban population 
percentage (Table 5). The R-square values give the percentage 
of variability in anaemia that is explained by each variable; for 
instance, 50% of the variability in anaemia is explained by the 
GII whilst none is explained by Ln Gini. 
 
Table 5: Univariable Analyses of Anaemia with inequalities, 
measures of economic development, maternal biological and 
demographic factors. N: number of observations; β: regression 
coefficient; t: value of t-test; R²: R-square.  
 
  
 Variable N β 95% CI t R² 
       
Anaem
ia 
GII 5
0 116ƚ 82 to 150 
7.0 0.5 
Ln Gini 5
5 3.6 -22 to 29 
0.3 0.0 
Ln GDP/capita 5
5 -9.5ƚ -14 to -4.9 
-
4.1 
0.2 
Poverty Gap 5
2 0.4ƚ 0.2 to 0.6 
4.5 0.3 
Average Women’s 
Height 
4
9 1.0 -0.6 to 2.6 
1.2 0.0 
Maternal Age at First 
Birth 
5
5 -0.7ƚ -9.7 to -4.4 
-
5.3 
0.4 
TFR 5
5 7.8ƚ 5.3 to 10 
6.2 0.4 
Women’s Literacy Rate 4
6 -0.5ƚ -0.7 to -0.3 
-
6.5 
0.5 
% Urban Population 5
5 -0.3* -0.6 to 0.0 
-
2.9 
0.1 
 
      
ƚ p<0.001 
*p<0.05 
Anaemia: Bivariable Analysis 
The association between anaemia and GII may be potentially 
confounded by GDP/capita, maternal age at first birth, TFR, 
women’s literacy and urban population percentage. After 
controlling for one potential confounder at a time, the 
association between anaemia and GII was altered, but 
remained statistically significant (Table 6).  
 
Table 6: Bivariable analysis of association between anaemia 
and GII, controlling for potential confounders individually. β: 
regression coefficient; t: value of t-test; R²: R-square.  
 
Variable β 95% CI t R² 
Observed     
GII 116* 82.4 to 149 7 0.5 
 
    
Controlled for  Adjusted β    
TFR 75 * 21.4 to 129 1.9 0.5 
Women’s 
Literacy 
101*  53.8 to 149 -2.6 0.7 
*p<0.05 
 
 
Anaemia: Multivariable Analysis 
The potential confounders were put into the regression model 
simultaneously, the order determined by the strength of their 
associations with the outcomes already determined in 
univariable analysis. For anaemia, the order was 
lnGDP/capita, TFR, maternal age at first birth, women’s 
literacy rate and urban population percentage.  
The association between anaemia and GII was altered by 
controlling for women’s literacy rate remained significant 
(p<0.001) (Table 7). All other potential confounders did not 
fit the model since the p-value for their F-tests is greater than 
0.05; thus they were removed from the final model. 
 
Table 7: Multivariable Analysis for Association of Anaemia 
and GII, controlling for all potential confounders. β:regression 
coefficient; t: value of t-test; R²: R-square.  
 
 
 
 
 
 
 
 
 
*p<0.05 
 
 
GAM: Univariable Regression Analysis 
Univariable analysis revealed significant associations of GAM 
with GII, Lngini, women’s literacy rate and urban population 
percentage (Table 8).  
 
 
 
 
 
 
 
 
Exposure β 95% CI t R² 
No adjustment     
GII 116* 82.4 to 149 7 0.5 
 
    
Adjusted for      
GII 101 * 53.8 to 149 6.4 0.7 
Women’s 
Literacy 
-0.2* -0.4 to -0.1 -2.6 
 Table 8: Univariable Analyses of GAM with inequalities, 
measures of economic development, maternal biological and 
demographic factors. N: number of observations; β: regression 
coefficient; t: value of t-test; R²: R-square.  
 
ƚ p<0.001 
*p<0.05 
 
 
GAM: Bivariable Analysis 
The association of GAM with both inequalities may be 
potentially confounded by women’s literacy rate and urban 
population percentage.  
After controlling for women’s literacy and urban population 
percentage separately, the association between GAM and GII 
was no longer significant (Table 9).  
 
Table 9: Bivariable Analysis: GAM and GII controlling for 
potential confounders individually. β: regression coefficient; t: 
value of t-test; R²: R-square 
 
Variable β 95% CI t R² 
Observed     
GII 11.7*  0.1 to 23.3 2 0.1 
 
    
Controlled for  Adjusted β    
Women’s 
Literacy 
-5.2  -22.2 to 
11.7 
-0.6 0.4 
Urban 
Population 
7.8 -3.1 to 18.6 1.4 0.3 
*p<0.05 
 
After controlling for one potential confounder at a time, the 
association between GAM and Lngini statistically significant 
(Table 10). Both women’s literacy rate and urban population 
were significantly associated with GAM when Lngini is held 
constant (p<0.01). 
 
Table 10: Bivariable Analysis: GAM and Lngini controlling 
for potential confounders individually. β: regression 
coefficient; t: value of t-test; R²: R-square. 
 
Variable β 95% CI t R² 
Observed     
Lngini -13.3  -19.3 to -7.3 -4.5 0.3 
 
    
Controlled for Adjusted β    
Women’s Literacy -10.4* -16.5 to -4.3 -3.4 0.5 
Urban Population -10.9* -16.6 to -5.9 -3.9 0.4 
*p<0.01 
 
 
GAM: Multivariable Analysis 
The potential confounders were put into the regression model 
simultaneously, the order determined by the strength of their 
associations with the outcomes already determined in 
univariable analysis. For GAM, the order was urban 
population percentage and women’s literacy rate. After 
controlling for women’s literacy rate, the association between 
GAM and GII was no longer significant (p=0.535) (Table 11). 
Urban population percentage did not fit the model since the p-
value for the F-test is greater than 0.05; thus it was removed 
from the final model. 
 
Table 11: Multivariable Analysis for Association of GAM 
and GII, controlling for all potential confounders. β: 
regression coefficient; t: value of t-test; R²: R-square. 
 
 
 
 
 
 
 
 
 
*p<0.05 
 
The association between GAM and Lngini was altered by 
controlling for women’s literacy rate (Table 12). Even though 
the β coefficient reduced from -13.3 to -10.4, the association 
remained statistically significant (p<0.01). Urban population 
percentage did not fit the model since the p-value for the F-test 
is greater than 0.05; thus it was removed from the final model. 
 
Table 12: Multivariable Analysis for Association of GAM 
and LnGini controlling for all potential confounders. β: 
regression coefficient; t: value of t-test; R²: R-square. 
 
ƚ p<0.01 
 
 
Discussion 
Key Findings 
Anaemia and GAM were more concentrated among countries 
with high gender inequality compared to those with lower 
gender inequality. Countries with low human development 
also had a higher burden of anaemia relative to their more 
developed counterparts. On the other hand, GAM was equally 
distributed among the countries with the lowest HDI values, 
but less equally among those with higher HDI.  
 
Anaemia was strongly associated with GII even after adjusting 
for potential confounders such as women’s literacy rate and 
urban population percentage. Every 0.1 unit increase in GII 
 
Variable N β 95% CI t R² 
GAM GII 48 11.7* 0.1 to 23.3 2 0.1 
Ln Gini 52 -13.3ƚ -19.3 to -7.3 -4.5 0.3 
Ln GDP/capita 52 -1.3 -2.8 to 0.1 -1.8 0.1 
Poverty Gap 49 0 0 to 0.1 1.1 0 
Average Women’s 
Height 
47 0 -0.4 to 0.5 0.1 0 
Maternal Age at First 
Birth 
52 -0.3 -1.1 to 0.6 -0.6 0 
TFR 52 0.6 -0.3 to 1.5 1.3 0 
Women’s Literacy 
Rate 
45 -0.1ƚ -0.2 to -0.1 -4.8 0.3 
% Urban Population 52 -0.1ƚ -0.2 to -0.1 -3.8 0.2 
Exposure β 95% CI   t R² 
No adjustment     
Ln Gini -13.3ƚ -19.3 to -7.3 -4.5 0.3 
 
    
Adjusted for      
Ln Gini 10.4ƚ -16.5 to -4.3 -3.4 0.5 
Women’s Literacy -0.1ƚ -0.1 to -0.03 -3.3 
Exposure β 95% CI   t R² 
No adjustment     
GII 11.7* 0.1 to 23.3    2 0.3 
 
    
Adjusted for      
GII -5.2  -22.2 to 11.7  6.4 0.4 
Women’s Literacy -0.1* -0.2 to -0.1 -2.6 
resulted in a 10% increase in anaemia prevalence. There was 
no association between anaemia and the gini index. 
In contrast, the prevalence of GAM was associated with both 
GII and the gini index. After controlling for possible 
confounders, only the association with the gini index remained 
significant, with every 1 unit increase in Lngini resulting in a 
10.4% reduction in GAM prevalence.  
 
Interpretation of the key findings 
Anaemia was strongly related to gender inequality, even after 
controlling for possible confounders. The concentration curve 
displays the unequal distribution, clearly showing that the 
burden of anaemia was concentrated among those countries 
with high gender inequality. There are no known studies in the 
literature addressing this issue. Gender inequality appeared 
somewhat related to average income, which could explain 
some of its relation to anaemia, since the link between 
anaemia and income has already been established (Balarajan 
et al., 2012). However, controlling for income did not 
significantly change the association between anaemia and GII. 
Women’s status is an important determinant of maternal and 
subsequently child nutrition and health (Smith et al., 2003). In 
countries with low gender equality, women have less 
autonomy with regards to decisions about child-bearing and 
rearing (Raj et al., 2010). This may result in early-onset child-
bearing, more children and closely-spaced pregnancies 
(Upadhyay and Hindin, 2005), all risks for development of 
maternal anemia. Several studies have already confirmed the 
link between maternal anaemia and anaemia in children 
(Kalaivani, 2009; Meinzen-Derr et al., 2006; Balarajan et al., 
2012), and the possibility of an intergenerational transfer of 
anaemia from mother to child. This link could also 
socioeconomic-based, with children of mothers who lack 
access to a micronutrient-rich diet being likely to suffer the 
same predicament. This relationship between women’s status 
and child nutrition is supported by the fact that both gender 
inequality and anaemia were directly related to TFR and 
maternal age at first birth from our analysis. As expected, a 
higher TFR was associated with higher rates of anaemia. This 
finding is consistent with Omar et al. (1994) who reported that 
multiparity in Somali women was related to maternal anaemia 
and consequently to poor child health. There may be several 
explanations for this finding. To start with, frequent and 
multiple childbirths put additional stress on women and 
deplete their body iron stores (Balarajan et al., 2012). 
Furthermore, these women are at increased risk of 
complications such as bleeding during pregnancy, thus 
predisposing them to anaemia. In addition, having too many 
children to care for, especially under poor circumstances, 
means less food and resources are available to each child. 
Finally, these women often do not have help in looking after 
children and have to do all the household chores at the same 
time, meaning less time spent on safe child care practices. 
As anticipated, countries where women started child-bearing 
at a later age had lower levels of anaemia. This is in agreement 
with Larrea and Kawachi (2005) who postulated that maternal 
age may act as a proxy for good child caring experience that 
has been amassed over the years.  They also proposed that 
deterring childbirth will protect both mother and child from 
complications associated with pregnancy at too early an age. 
Not surprising though is that maternal age is not related to 
acute malnutrition. As has already been suggested, the 
determinants of acute malnutrition are to some degree 
different from those of anaemia and chronic malnutrition. 
 
The association between GII and women’s literacy rate may 
also explain to some extent the relationship between gender 
inequality and anaemia. Women with little or no education are 
more likely to have low status and lack autonomy (Mason, 
1986). This study found that anaemia was inversely related to 
women’s literacy rate. A similar finding was reported by 
Balarajan et al. (2012) who analyzed DHS data from 32 low- 
and middle-income countries and found that the risk of 
anaemia was higher among children whose mothers had no 
education. The importance of maternal education for child 
nutrition cannot be emphasized enough. Women with formal 
education are more likely to practice safe and effective child 
caring and feeding practices, more frequently access health 
services and better understand health education and promotion 
programs (Smith et al., 2005; Porter et al., 2010). Also, 
maternal education deters early child-bearing and frequent 
pregnancies, both established risk factors for maternal and 
child anaemia (Boyle et al., 2006). 
 
The lack of an association between anaemia and income 
inequality, as indexed by the gini, was unexpected. This is in 
contrast to the findings of Larrea and Kawachi (2005), who 
reported an association between income inequality and 
malnutrition in Ecuador. However, their results were limited 
to one country and they focused on stunting, not anaemia. 
There may be several explanations for this finding. Firstly, 
like other measures of inequality, the gini index typically 
measures inequalities in officially reported incomes (Rosser et 
al., 2000). In most developing countries however, a substantial 
part of the economy is informal, and income from this is often 
unreported and difficult to measure (Chambwera et al., 2000). 
Thus, income from this informal economy is likely not 
included in calculations of the gini index. This informal sector 
provides employment for the poorest and most vulnerable 
people, especially women (ibid). In contrast, the formal 
workforce in these countries is normally dominated by the 
male population. It is thus possible that the gini index in 
developing countries takes into account mostly male incomes. 
Although anaemia may be a universal problem in some 
countries, it is mostly women and children who are at 
increased risk (Balaranjan et al., 2012). This may explain the 
lack of association between anaemia and the gini index and 
the strong association with the GII. Compared to men, women 
are at higher risk of anaemia and maternal anaemia is linked to 
childhood anaemia (ibid). As a result, anaemia in children will 
be more related to the GII which specifically measures 
inequalities women are subjected to. That the gini index may 
not reflect a true inequality faced by women in low- and 
middle income countries is an interesting concept that requires 
further investigation. 
 
In this study, GAM was related to the GII, but the association 
was much weaker than that between anaemia and GII and 
became insignificant after controlling for women’s literacy 
rate. This is probably because GAM, a manifestation of acute 
malnutrition, is usually precipitated by unforeseen 
environmental factors and diseases (Wagstaff & Watanabe, 
2000).  Like other forms of inequality, gender inequality 
subjects women and female children to long-term and 
sustained disadvantages in life, thus predisposing them to 
chronic rather than acute malnutrition. Gender inequality is 
also possibly linked to childhood malnutrition through its 
effect on maternal health and nutrition. Most studies linking 
maternal malnutrition to childhood malnutrition found positive 
effects for chronic malnutrition such as stunting and 
underweight (Bhalotra & Rawlings, 2011; Varela-Silva et al., 
2009). This is because the environmental and socio-economic 
factors implicated in the development of maternal malnutrition 
and chronic malnutrition in children, differ somewhat from 
those thought to result in acute malnutrition.  
 
Surprisingly, the results of this study suggested that GAM 
prevalence was lower in countries with higher income 
inequality. There may be several explanations for this finding. 
Firstly, only developing countries were included in this study. 
It has been suggested whilst income inequality matters for rich 
countries, it is absolute income that determines population 
health in poorer countries (Wilkinson, 1996; Ram, 2006). 
Secondly, among these countries, some of the highest levels of 
inequality were experienced by Latin American countries 
(LACs). Meanwhile, with the exception of Haiti, these same 
countries were all middle income countries, had the lowest 
rates of GAM, highest urbanization rates and higher rates of 
women’s literacy. Urbanization has been linked to better child 
nutritional status (Smith et al., 2005). Urban environment may 
offer access to a better and more variable diet (ibid) and better 
employment opportunities and consequently more income for 
families. Additionally, in developing countries, health staff 
and facilities tend to be more concentrated in urban areas 
compared to rural areas (Wilson et al., 2009). The positive link 
between maternal education and child nutrition has already 
been discussed. Finally, figures for the gini are generally more 
recent than those of wasting, sometimes by as much as 5years. 
From the literature, it is known that income inequality has a 
lag effect on health, and may exert the most effect on health 
up to 15years later (Blakely et al., 2000; Subramanian & 
Kawachi, 2004). Therefore, this association may not reflect 
the true current situation. 
 
Other Findings 
The concentration of anaemia among low income countries 
compared to their higher income counterparts is an expected 
finding. People in poorer countries are much more likely to 
lack access to a micronutrient-rich diet, which often 
predisposes them to iron deficiency, the commonest cause of 
anaemia (Balarajan et al., 2012). The poor diet may well be a 
direct result of poverty and corresponding food insecurity, or 
it could result from an inability to access the right food groups 
from the markets, either due to food shortages or poor 
nutritional knowledge. Also, low income countries generally 
have low government spending on public health programs, 
such as nutritional campaigns, which may act as deterrents to 
malnutrition. Pathak and Singh (2011) found that childhood 
malnutrition was lower in Indian states that spent more money 
on nutritional programs compared to other states.  
Women’s height was not related to both our nutritional 
outcomes. This is surprising since numerous studies have 
repeatedly linked maternal height to nutritional status of the 
mother and her child (Monden and Smits, 2009; Subramanian 
et al., 2009). Attained adult height is seen as a socio-economic 
indicator of the conditions the mother was exposed to during 
childhood (Sear et al., 2004), which may thus be transferred to 
her child. Shorter women are also at increased risk of giving 
birth to LBW children, an independent risk factor for both 
acute and chronic malnutrition (Fernandez et al., 2002). 
Shorter women face more risks of complications during 
pregnancy such as bleeding, which predisposes them and their 
children to anaemia. The lack of an association between 
women’s height and childhood nutritional status may be 
because this study utilizes aggregate data for height, otherwise 
an individual level characteristic. 
 
Predictably, urban residence was positively associated with 
both anaemia and GAM, consistent with the findings of Smith 
et al. (2005). They conducted an ecological study of 36 
developing countries and found that nutritional status of urban 
children was undeniably better than those living in rural areas. 
The mechanism through which urban population may lead to 
better nutritional status of children has already been discussed 
in the previous section. 
 
Women’s literacy rate was also negatively related to both 
anaemia and wasting. Of all the possible confounders 
considered in this study, it was the only factor that was 
independently associated with both nutritional outcomes after 
correcting for the effect of inequalities. This finding further 
highlights the importance of maternal education to child 
nutritional status and is consistent with several studies 
addressing this issue (Smith et al., 2005; Boyle et al., 2006).  
 
Sensitivity Analyses 
Six countries in the sample accounted for over 10% of the 
total under-fives population, each with a population of over 
100,000 (Malawi, Nigeria, Indonesia, India, Dominican 
Republic and Columbia), and with the exception of Malawi, 
were all middle-income countries. To check whether this 
affected the results of the study, sensitivity analysis was 
performed without these 6 countries. Malnutrition was still 
concentrated in the countries with the higher gender inequality 
scores, although GAM became much less unequal with the 
concentration index decreasing from 0.23 to 0.15. When 
ranked by HDI, the distribution of anaemia stayed the same 
(concentration index= -0.12). However, GAM became more 
unequally distributed, with countries with low HDI carrying a 
greater burden of acute malnutrition compared to their more 
developed counterparts (concentration index changed from -
0.07 to -0.15) (Appendix 3). From the analysis, the direction 
and significance of the association between gender inequality 
and anaemia and that between income inequality and GAM 
did not change. 
 
Limitations 
This study has the usual limitations of ecological studies, in 
that it uses aggregate data to explain the association between 
inequalities and malnutrition. Health is an individual variable 
and the use of aggregate data may not reflect true associations 
between inequality and individual health (Subramanyan et al., 
2011). Because of the ecological nature of this study, the 
results are not necessarily applicable to smaller geographical 
units or individuals. Another limitation is that our variables 
are from different periods, which may affect the results. 
However, the most recent data for each country has been 
employed in this analysis, and all date from the year 2000 and 
onwards. Although significant associations between 
inequalities and malnutrition were revealed, this study is a 
cross-sectional one and so cannot ascertain causality. 
Nevertheless, our results cannot be easily attributed to 
confounding.  Also, it is unlikely that anaemia, for instance, 
leads to gender inequality and not the other way around. 
 
Another thing of note is that the aetiology of anaemia is also 
multifactorial. Iron deficiency, which is most commonly 
linked to socioeconomic or women’s status, accounts for only 
about 50% of anaemia. There are several other determinants of 
anaemia prevalence in developing countries, including genetic 
factors and malaria endemicity. Additionally, a lot of the 
countries in this sample have, at one time or the other, had a 
civil war, which itself can lead to food shortages and increased 
rates of poverty, both risk factors for malnutrition. All these 
factors were not taken into account in the analysis and may 
otherwise affect the results of the study.  
Moreover, this study cannot determine what percentage of 
childhood anaemia is linked to maternal anaemia. More 
studies are required to disentangle the relationship between 
anaemia in women and childhood anaemia; this may lead to a 
better understanding of the link between gender inequality and 
anaemia in children. 
Finally, the concentration curve illustrates inequalities across 
the countries, but does not show within-country inequalities, 
which are also important for policy makers. 
 
Strengths 
Despite its limitations, it is the first study to show evidence of 
a cross-country association between anaemia and gender 
inequality in developing countries. The construction of the 
concentration curve provides an easy way of graphically 
displaying this gender inequality of anaemia across countries. 
It is also the first ecological study looking at the effects of 
gender and income inequality on childhood malnutrition. It 
employs data from 55 countries from different regions of the 
world, making the results largely generalizable to all low and 
middle-income countries. The study also uses DHS data for 
health variables which makes them comparable across all 
countries.  
 
Conclusion 
This study enables us to come closer to understanding the 
ultimate causes of GAM and anaemia. The proximate causes 
are well known but it is important to understand contextual 
factors if effective policy is going to be made.  For instance, it 
is known that GAM is closely linked to environmental 
circumstances, such as hygiene, prevalence of infectious 
diseases and the availability of medical attention. However, 
this study suggests that poverty at the national level, and not 
income inequality, may be its ultimate cause. In fact, Latin 
American countries with high income inequality had the 
lowest rates of GAM. Since these countries are also among the 
richer countries in the sample, this further confirms that 
average income may be more important than income 
distribution in determining rates of malnutrition.  
Chronic malnutrition has been studied extensively, though 
mainly through examining prevalence of stunting and 
underweight in populations. In this study, the proportion of the 
population with anaemia has been investigated. The mean 
prevalence of anaemia in this sample of countries is 
astounding, with more than 50% of children affected.  This 
makes anaemia the most common form of malnutrition 
worldwide.  Identifying the potential reasons for this 
enormous burden of anaemia should be of particular 
importance to policy makers especially as anaemia has been 
linked to impaired work capacity, loss of productivity and 
increased risk of mortality.  
This study shows as expected that like GAM, anaemia is 
closely related to poverty. However, a strong contributing 
factor towards anaemia is gender inequality. In fact, gender 
inequality is the strongest single factor explaining anaemia 
prevalence. These findings demonstrate that whilst poverty 
reduction strategies seem effective in reducing acute 
malnutrition, anaemia on the other hand also requires a 
reduction in gender inequality and improvement of women’s 
status in low- and middle-income countries. Governments of 
these countries should therefore strive to put gender equality at 
the centre of all policies and into their developmental agendas. 
Effectively targeting these health inequalities require dynamic 
action on their underlying causes. 
Future studies using multilevel modeling may help provide 
further insights into the associations between these inequalities 
and malnutrition in developing countries, , while longitudinal 
studies will help ascertain causality.  
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Appendix 1: Concentration Curve of distribution of Anaemia 
and GAM across countries, ranked by GDP/capita PPP 
 
Figure 6: Concentration Curve for the distribution of anaemia and GAM 
across countries, ranked by the GDP/capita PPP, starting with lowest and 
ending at highest. CI Anaemia: Concentration Index for Anaemia Curve. CI 
Wasting: Concentration Index for Wasting Curve. 
 
 
Appendix 2: Examples of distribution of variables and 
appropriate normality transformations. 
 
 
Figure 7: Histograms of anaemia and gini distribution and transformations. 
For anaemia, the original format (identity) gives the best normal fit, whilst 
that for gini is given by logarithm transformation 
 
Figure 11: Histograms of Women’s Literacy Rate (wolit) distribution and 
transformations. There is no best normal fit. 
 
Appendix 3: Sensitivity Analysis with Concentration Curves  
 
Figure 12: Concentration Curve for the distribution of anaemia and GAM 
across countries, ranked by the HDI and GII. 6 Countries with under-5s 
population > 100,000 have been excluded: Malawi, Nigeria, Indonesia, India, 
Dominican Republic and Columbia. 
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